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: Reliable Assembly of Double-Sided or Clamshell BGA Devices

Reliable Assembly of Double-Sided or Clamshell BGA Devices
ABSTRACT
The top and bottom components of double-sided printed circuit boards (PCBs) can have
different thermal masses and therefore, absorb heat at different rates. During reflow soldering,
the component with the smaller thermal mass rises and falls in temperature relatively fast,
causing PCB warpage and damage of solder joints. This disclosure describes techniques to
equalize the thermal masses of the top and bottom components of a printed circuit board by
modifying the PCB and component geometry. Balancing of thermal masses can be achieved by
adding or modifying the layers in the package substrate and the PCB to allow for a larger thermal
mass to be ascribed to smaller components. The techniques enable highly reliable reflow
soldering with well-soldered joints and a reduction or elimination of PCB warpage.
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BACKGROUND
The growing performance and power demands of modern applications such as artificial
intelligence or machine learning are sustained by increasing the density of surface-mounted
components on printed circuit boards (PCBs) of CPUs or other ASICs. To enhance the density
and to increase the speed of communication and computation, components are mounted on both
the top side and the bottom side of the PCB, typically using ball grid array (BGA) mounts. The
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very high and double-sided component density poses challenges from assembly, cooling, and
reliability perspectives. For example, back-to-back mounting of components on a PCB cannot be
done unless solder joints on both sides form reliably during reflow soldering.
Reflow soldering is a mass-manufacture soldering technique in which solder paste, a
sticky mixture of solder and flux, is applied at appropriate points on a PCB (possibly using a
stencil) and used to attach components to the PCB. The PCB (and the components stuck on it)
are heated in an oven to melt the solder and create an electrical connection between the
component and the copper traces on the PCB.

Fig. 1: Reflow soldering of double-sided PCBs
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Fig. 1 illustrates reflow soldering of double-sided PCBs. In a first step, a relatively small
bottom component (102) is reflow-soldered to the PCB (104). In a second step, the assembly is
flipped, and a relatively higher thermal mass top component (106) is reflow-soldered to the PCB.
The top and bottom components are generally of different construction. For example,
they have different thermal masses and absorb heat at different rates. The components are
electrically and thermally connected via copper traces and vias within the PCB. Assembly is
done in a single convection reflow oven where both top and bottom components receive
comparable amounts of heat per unit volume.
However, compared to the top component, the bottom component, which has a smaller
thermal mass, rises in temperature relatively fast, possibly violating the pre-programmed reflow
profile. During the cooling down phase of the reflow profile, the bottom component falls faster
in temperature than the top one. The greater-than-desired rise (and fall) of temperature of the
bottom component can cause warpage of the PCB and cause its solder joints to not form reliably
or fail prematurely.
Also, the bottom component experiences two passes through the reflow oven, the first
one to affix the bottom component to the PCB and the second one to affix the top component to
the PCB. Since the bottom component is thermally connected to sections of the top component,
parts of the top component thermally close (e.g., in contact by virtue of copper vias) to the
bottom component rise (and fall) rapidly in temperature, causing similar warpage and potential
solder joint defects within the top component. These problems with reflow soldering of doublesided PCBs are traceable to unequal thermal masses, and the resultant non-uniform temperature
distribution, of the top and the bottom components of the PCB.
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Fig. 2: Thermal isolation of top and bottom components results in asynchronous solder
solidification and warpage/reliability issues
Fig. 2 illustrates in greater detail the origins of potential solder joint defects with reflowsoldering of double-sided PCBs. To ensure electrical performance, with some exceptions, the
planes of the substrate (202) and of the PCB (204) electrically isolate the bottom component
from the periphery of the top component. The exceptions are the common power and ground
planes, which remain connected between the two components.
An unintended consequence of electrical isolation (barring common power/ground
planes) is that the bottom component and a section of the top component become thermally
isolated (206) during reflow assembly. As explained before, the thermally isolated sections rise
(and fall) in temperature at rates different from the remaining parts of the PCB. This leads to
asynchronous solidification of the solder joints in the middle versus the periphery of the top
component, in turn leading to warpage and other potential solder joint defects.
Conventional approaches to reducing warpage and improving solder reliability rely on
optimizing the reflow profile and trying to soak the parts for longer times to reduce temperature
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differences between them. However, there are limits to these approaches, especially for devices
with large body sizes. Also, the risk to solder joints increases with soak time.
DESCRIPTION
This disclosure describes techniques to equalize the thermal masses of the top and bottom
components of a PCB by modifying the PCB and component geometry. Balancing of thermal
masses can be achieved by adding layers or modifying the layers in the package substrate and the
PCB to allow for a larger thermal mass to be ascribed to smaller components. Design guidelines
are provided.

Fig. 3: Reliable assembly of double-sided PCBs by balancing thermal masses of the top of
and of the bottom components
Fig. 3 illustrates reliable assembly of double-sided PCBs by balancing thermal masses of
the top and bottom components, per techniques of this disclosure. The yellow planes (302)
represent copper planes of relatively large size, introduced for the purpose of increasing the

Published by Technical Disclosure Commons, 2022

6

Defensive Publications Series, Art. 5191 [2022]

thermal mass of the interior of the PCB, such that the effective thermal masses of the top and the
bottom components tend towards equality. These yellow planes, referred to as thermal-balance
planes, are connected to the bottom component (e.g., VDD planes) such that they don’t alter the
electrical function of the PCB in any way. For example, areas around the peripheral-component
vias are isolated in Swiss-cheese style, with keep-out areas around the peripheral vias, as seen in
the sectional view of the via-plane intersection (304).
The Swiss-cheese construction, which includes a dielectric ring around the via, ensures
that the via and the thermal-balance planes are electrically isolated. By thermally connecting the
bottom component to a larger independent plane, the thermal mass of the bottom component
increases. The yellow thermal-balance planes can be symmetrically deployed through the stackup to ensure copper balancing in the PCB. Effectively, the thermal-balance planes store heat,
decreasing the rate of temperature rise (or fall) by the smaller thermal-mass (in this example,
bottom) component. The reduced rate of temperature change of the bottom component causes its
temperature to change in tandem with (all parts of) the top component, resulting in synchronous
solder solidification and reduction or elimination of warpage.
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Fig. 4: Thermal-balance planes can be inserted in the substrate
Fig. 4 illustrates that thermal-balance planes can be inserted in the substrate, rather than
in the PCB. In this case, the yellow thermal-balance planes (402) thermally connect the top
component to its lower periphery. In the example of Fig. 4, the yellow thermal-balance plane
extends beyond the center chip (chip 2) to the region underneath the peripheral chips (chips 1
and 3), thus reducing the difference in thermal time constants between the central and peripheral
chips. Power-delivery parasitic effects under the peripheral chips, if any, can be experimentally
validated.
Area and thickness of thermal-balance planes
The required area and thickness of the copper thermal-balance planes which are inserted
in the interior of the PCB or substrate can be found equating the difference in thermal masses
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between the top and bottom components to the thermal mass of the thermal-balance planes.
Doing so, we obtain:
𝐴𝐵𝑜𝑡
× 𝑚𝑇𝑜𝑝𝑐𝑇𝑜𝑝] − 𝑚𝐵𝑜𝑡𝑐𝐵𝑜𝑡
𝐴𝑇𝑜𝑝

[

𝐴𝑟𝑒𝑎𝐶𝑜𝑝𝑝𝑒𝑟

=𝜌

𝐶𝑜𝑝𝑝𝑒𝑟 × 𝑐𝐶𝑜𝑝𝑝𝑒𝑟 × 𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠𝐶𝑜𝑝𝑝𝑒𝑟

,

where
𝐴𝑟𝑒𝑎𝐶𝑜𝑝𝑝𝑒𝑟 is the total surface area of the thermal-balance planes (in units of m2);
𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠𝐶𝑜𝑝𝑝𝑒𝑟 is the total thickness of the thermal-balance planes (m);
𝜌𝐶𝑜𝑝𝑝𝑒𝑟 is the density of copper (kg/m3);

𝑐𝐶𝑜𝑝𝑝𝑒𝑟 is the specific heat of copper (Joule/kg-K);
𝐴𝐵𝑜𝑡 is the area of the bottom component (m2);
𝑚𝐵𝑜𝑡 is the mass of the bottom component (kg);
𝑐𝐵𝑜𝑡 is the specific heat of the bottom component (Joule/kg-K);
𝐴𝑇𝑜𝑝 is the area of the top component (m2);
𝑚 𝑇𝑜𝑝 is the mass of the top component (kg); and
𝑐𝑇𝑜𝑝 is the specific heat of the top component (Joule/kg-K).
The area 𝐴𝑟𝑒𝑎𝐶𝑜𝑝𝑝𝑒𝑟 and the thickness 𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠𝐶𝑜𝑝𝑝𝑒𝑟 of the thermal-balance planes can be
traded off each other to achieve convenient values for both. The number of thermal-balance
plates can be adjusted so that their aggregate volume equals the product of 𝐴𝑟𝑒𝑎𝐶𝑜𝑝𝑝𝑒𝑟 and
𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠𝐶𝑜𝑝𝑝𝑒𝑟 .
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Fig. 5: Equalizing the thermal masses of the top and bottom components of a double-sided
PCBs during reflow by encasing the component with smaller thermal mass in an insulator
Alternatively, as illustrated in Fig. 5, the thermal masses of the top and bottom
components of a double-sided PCB can be equalized during reflow by encasing the component
with the smaller thermal mass (in our example, the bottom component) in an insulator (502). In
this case, equality in thermal masses is achieved by altering the thermal transfer coefficient of the
bottom component, such that heat reaches (and dissipates from) it at a slower rate, so that its
temperature rise (and fall) moves in tandem with the top component.
The insulating box can be made of a removable adhesive material that can withstand
reflow conditions and can be removed after reflow. The insulating box can also be used in
addition to the thermal-balance copper planes; if so, the size of the thermal-balance copper
planes can be advantageously reduced. The required area and thickness of the insulating box can
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be found equating the difference in thermal transfer rates between the top and bottom
components to the thermal transfer rate of the insulating box. Doing so, we obtain:

𝐴𝑟𝑒𝑎

=

ℎ𝐵𝑜𝑡𝐴𝐵𝑜𝑡
× 𝑚𝑇𝑜𝑝𝑐𝑇𝑜𝑝 − 𝑚𝐵𝑜𝑡𝑐𝐵𝑜𝑡
ℎ𝑇𝑜𝑝𝐴
𝑇𝑜𝑝
[
]

𝜌

×𝑐

× 𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠

,

where
𝐴𝑟𝑒𝑎 is the surface area of the insulating box (in units of m2);
𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 is the thickness of the material of the insulating box (m);
𝜌 is the density of the material of the insulating box (kg/m3);

𝑐 is the specific heat of the material of the insulating box (Joule/kg-K);
𝐴𝐵𝑜𝑡 is the area of the bottom component (m2);
ℎ𝐵𝑜𝑡 is the thermal transfer coefficient of the bottom component (Watts/m2-K);
𝐴𝑇𝑜𝑝 is the area of the top component (m2); and
ℎ𝑇𝑜𝑝 is the specific heat of the top component (Watts/m2-K).
The area and the thickness of the insulating box can be traded off each other to achieve
convenient values for both.
The described techniques address several problems with reflow soldering of doublesided PCBs. The techniques offer several benefits, such as:
● more uniform thermal heat dissipation in the package and the PCB, and reducing a
variety of solder-assembly issues such as opens, shorts, solder tear, thickening of
intermetallic compounds, under-cooling etc.;
● better scaling for larger sized components;
● greater number of individual components mountable on either side;
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● greater margin for manufacturing variation;
● more robust process window;
● improved (more uniform) warpage control for greater reliability and consistent
thermal performance; etc.
CONCLUSION
This disclosure describes techniques to equalize the thermal masses of the top and bottom
components of a printed circuit board by modifying the PCB and component geometry.
Balancing of thermal masses can be achieved by adding or modifying the layers in the package
substrate and the PCB to allow for a larger thermal mass to be ascribed to smaller components.
The techniques enable highly reliable reflow soldering with well-soldered joints and a reduction
or elimination of PCB warpage.
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